Multifrequency observations of the planet pulsar, PSR B1257+12, have been made to examine a possibility that the 25.3-day periodicity observed in its pulse timing residuals represents a variable delay generated by solar rotation-induced density uctuations in the solar wind. New timing measurements of the pulsar show that the amplitude of these residuals is frequency-independent implying that the periodicity cannot be caused by any arrival time delays related to the pulse propagation through an ionized medium. Therefore, in agreement with the original assumption, the observed 25.3-day pulse timing periodicity is most plausibly explained in terms of the orbital motion of a low-mass planet around the pulsar.
Two years after the 1992 discovery of the rst two extrasolar planets orbiting a rapidly rotating neutron star, the 6.2-ms radio pulsar PSR B1257+12 (1) , another periodicity in the pulse arrival times from this object was detected. A 25.3-day variation of timing residuals with a 3.5-s amplitude, when interpreted in terms of Keplerian motion, indicated the presence of a Moon-mass body in a 0.19-AU orbit around the pulsar (2) . This interpretation has been challenged by Scherer et al. (3) , who have proposed that, because of a relative proximity of the pulsar's line-of-sight to the ecliptic plane (17 ) , the 25.3-day periodicity seen in the pulsar timing data could be induced by translation of the solar rotation-related density patterns in the solar wind into variable time delays in the observed pulse arrival times. Supporting evidence for this hypothesis cited by Scherer et al. relies on the fact that a 25.3-day period has been detected in the Pioneer 10 (P10) radio Doppler data. This periodicity has been convincingly associated with the equatorial rotation period of the Sun. In this report, we present our recent multifrequency timing observations of PSR B1257+12 carried out with the 305-m Arecibo radiotelescope to discriminate between these two hypotheses.
The discovery of planets around PSR B1257+12 has been possible because of the microsecond precision of the time-of-arrival (TOA) measurements of pulses from this object. Such timing precision, characteristic of the whole class of millisecond pulsars (4) , makes it entirely plausible to measure and model planetary perturbations (2) and to detect the pulsar's re ex motion caused by the presence of orbiting bodies with masses as low as those of large asteroids (5) . However, the process of pulse TOA modelling is complicated by a number of factors contributing to the observed delays of pulse arrivals at the telescope that must be properly taken into account (6) . Among these factors, particularly important are time and frequencydependent delays that arise in the ionized medium present along the line-of-sight to a pulsar (7) (8) (9) . In the centimeter to meter wavelength range, typically used in pulsar observations, detectable TOA delays related to the propagation phenomena are governed by the cold plasma dispersion law: 
where DM (dispersion measure) is the electron column density (pc cm ?3 ), t is the pulse TOA (s), is the observing frequency (Hz) and the dispersion constant has units of pc cm ?3 Hz ?1 .
Precise TOA measurements at multiple frequencies are sensitive to variations of the electron column density along the line-of-sight that are as small as 10 ?4 pc cm ?3 . Monitoring observations of many pulsars (9, 10) have convincingly demonstrated that most of these variations, ranging from 5 10 ?5 to as much as 0.1 pc cm ?3 over periods of time from several months to years, arise as the pulsar's line-ofsight traverses an inhomogeneous interstellar plasma. In addition, the e ects of the solar corona and the interplanetary medium at low solar elongations can contribute in excess of 0.001 pc cm ?3 to the observed DM variations for pulsars at ecliptic latitudes lower than 10 (9) (10) (11) (12) (13) . In fact, measurements of the electron column density variations toward the Crab pulsar during its solar conjunctions have been employed as a diagnostic tool of the solar corona (11, 14) and produced a practical model of DM variations as a function of solar longitude. This model, also applied to PSR B1821-24 (13) , has the form: 1). Between 1991 and 1994, the pulsar's DM has been steadily declining at a rate of 0.002 pc cm ?3 yr ?1 (15) . This rate of DM change is entirely consistent with an approximate dDM=dt DM 1=2 relationship established on the basis of a DM variability observed in a number of pulsars (10) implying that it is of interstellar origin. As shown in Fig. 1 , this trend has continued in the last two years at a slower rate of 0.001 pc cm ?3 yr ?1 . Between 1994 and 1998, PSR B1257+12 was not observed at Arecibo, because of the upgrade related shutdown of the telescope.
The data shown in Fig. 1 also indicate a brief increase of the line-of-sight electron column density, by 5 10 ?4 pc cm ?3 , during the pulsar's annual 17 conjunction with the Sun at epoch 1999.8. This DM enhancement was almost certainly caused by an increase of the solar wind density related to the imminent arrival of the solar maximum expected to occur this year or in 2001 (16) . Because the TOA delays caused by average variations of the solar wind density are compensated for in the timing analysis by a function similar to that of Eqn. (2), such additional DM increases have not been detected in the 1991-1994 and 1998 timing data, away from solar maxima. Therefore, in agreement with the results of DM variability analyses for other pulsars (9) (10) (11) 13) , it can be assumed that the solar wind e ects on the timing of PSR B1257+12 can be ignored, with the exception of the times of its closest approach to the Sun.
A 25.3-day periodicity in the pulse arrival times from PSR B1257+12, rst reported in (2) as a probable signature of the third, low-mass planet around the pulsar and disputed in (3) , has been present in the data taken until 1995, and it has been easily detected in the observations made since 1998, after the Arecibo upgrade. No evidence of any dependence of the periodicity and its stability and amplitude on the pulsar's solar elongation has been detected. A Lomb-Scargle periodogram (17) of pulse timing residuals shown in Fig. 2 reveals that none of the other periods seen in the P10 Doppler data and reported in (3) are present in the pulsar timing. In addition, the 25.3-day period has never been seen in a binary pulsar PSR B1534+12 which is located 20 away from the ecliptic plane and has been timed along with PSR B1257+12 since 1990 with a very similar timing precision (see (18) and references therein).
The above facts alone reduce much of the cogency of the hypothesis that the 25.3-day period in TOA residuals from PSR B1257+12 arises from heliospheric propagation e ects. However, the best way to test it is to directly measure a frequency scaling of the amplitude of the observed periodicity. Since the dispersive TOA delay scales as ?2 (see Eqn. (1)), a failure to detect such scaling of the amplitude of the 25.3-day periodicity in TOA residuals would allow an immediate dissmisal of a propagation-related interpretation, such as that put forward in (3) . Unfortunately, given a 3.5 s amplitude of the 25.3-day periodicity, the 1410 MHz timing data for PSR B1257+12 taken prior to 1994, with their post-t rms residual of 9 s, were not precise enough to use them together with the higher quality 430 MHz data (3 s residual) to conduct this straightforward test. It was only after the reopening of the Arecibo telescope in 1998 that such a test became feasible, thanks to the Gregorian upgrade of the Arecibo feed system (19) and to the availability of new pulsar data acquisition hardware.
Observations of PSR B1257+12 designed to resolve the issue of the most plausible origin of the 25.3-day period seen in its timing residuals were made between May 4 and June 6, 1999, when the pulsar's solar elongation ranged from approximately 140 to 120 . TOA measurements were performed daily with the upgraded Arecibo radiotelescope and the Penn State Pulsar Machine (PSPM) at four frequencies: 430, 612.5, 1130 and 1410 MHz. Of the four dual-channel circular polarization receiving systems, the three higher frequency ones used the Gregorian feed system installed at Arecibo during the upgrade period.
The left-hand and right-hand circularly polarized signals were fed into the PSPM, which is a 2 128 60 kHz-channel, computer-controlled pulsar processor designed and constructed at the Pennsylvania State University to conduct fast sampled pulsar searches and precision timing measurements. After detection, the dual-channel signals were added together, smoothed with a 30 s time constant, 4-bit quantized and passed to the data acquisition computer for pulse averaging synchronously with the Doppler-shifted pulsar period. The averaged, 256-phase bin pulse pro les were time-tagged using the observatory's hydrogen-maser clock and stored for further analysis. The pulsar signals were integrated for 180 s at 430 MHz and for 300 s at the remaining three frequencies.
In the analysis, the topocentric TOAs of pulses from PSR B1257+12 were calculated by cross-correlating the observed integrated pro les with high signal-to-noise templates at each of the four observing frequencies. The TOAs were then referred to the solar system barycenter using the JPL DE200 ephemeris. Of the four sets of TOA measurements, the 612.5 MHz data were heavily contaminated by man-made interference and the 1410 MHz data su ered from frequent fadings of the pulsar signal, most probably related to the interstellar scintillation (8) . On the other hand, the measurements made at 430 and 1130 MHz proved to be of a very good quality. Consequently, all further analysis concentrated on comparing these two sets of observations.
A timing model constructed to analyze these measurements included the standard rotational and astrometric parameters of the pulsar (5) and the Keplerian orbital parameters of the two con rmed PSR B1257+12 planets B and C (2) . In the analysis, all model parameters, except for the initial pulse phase and DM, were held xed at the values determined from the earlier long-term observations. The 25.3-day periodicity was necessarily left out of this process. This model was leastsquares tted to the TOA measurements at 430 and 1130 MHz using the standard timing analysis package TEMPO ( (20); the most recent version is available at the Internet location http://pulsar.princeton.edu/tempo).
The TOA residuals from the t of the two-planet timing model to 430 and 1130 MHz data shown in Fig. 3a are characterized by respective rms values of 2 s and 3 s. Evidently, this timing precision is quite su cient to directly reveal the presence of the 25.3-day periodicity at both frequencies. When a 25.3-day Keplerian orbit is tted to data along with the other two planets, one obtains almost featureless post-t residuals, as shown in Fig. 3b . As discussed above, if the periodicity were a plasma propagation -generated phenomenon, its amplitude would have to scale as ?2 (Eqn. (1)) and it would therefore be entirely undetectable at 1130 MHz. As the 25.3-day period is evidently seen at both 430 and 1130 MHz with the same amplitude, its frequency independence implies that the periodicity cannot be induced by a time-variable dispersion of the pulsar signal by the solar wind.
Our direct proof of a frequency independence of the 25.3-day periodicity in the arrival times of pulses from PSR B1257+12, along with other arguments listed earlier in this report, invalidates a hypothesis put forward by Scherer et al. (3) that the period in question is related to periodic patterns in the solar wind generated by solar rotation. This outcome is in accord with earlier pulsar observations which have consistently shown that high precision timing measurements are only a ected by the solar wind for objects with lines-of-sight that come within 20-30R of the Sun (9, 11, 13) .
In view of the results presented here and the fact that PSR B1257+12 has two con rmed Earth-mass planets around it (2) , it remains most plausible to interpret the consistently observed 25.3-day periodicity in the pulse arrival times from this pulsar in terms of the Keplerian motion of a Moon-mass body in a 0.19-AU orbit around it (see also (21) ). In addition to the three terrestrial mass planets detected around PSR B1257+12 so far, there has been evidence that a fourth, very long period object may orbit this pulsar (22) . Continuing long-term timing observations with the Arecibo radiotelescope will help to verify this intriguing possibility and to further characterize the planetary system around PSR B1257+12. 
